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(57) Abstract 

A non-linear power amplifier 
for amplifying a constant envelope 
phase modulation component of a 
modulation signal and combining an 
amplitude envelope component of the 
modulation signal into the amplified 
constant envelope phase modulation 
component and method for performing 
the same. The power amplifier receives 
a constant envelope phase modulation 
signal and transmits the signal through 
a pair of amplifier stages which are 
impedance matched together. The first 
amplifier stage has a fixed gain which 
drives an impedance load and, in turn, 
the second amplifier stage. A variable 
resistance device is connected between 
a base of an amplifying transistor in 
the second amplifier stage and electrical 
ground for variably controlling the 
gain of the second amplifier stage by 
variably controlling the base-to-ground 
resistance of the amplifying transistor in 
the second amplifier stage. By varying 
the base-to-ground resistance of the 
amplifying transistor, the pulse width, 
gain, and power output of the constant 
envelope phase modulation signal can be 
controlled. The amplitude envelope component 
modulation component at a low current point 
enables the power amplifier to be operated with 




of the modulation signal is then reintroduced into the amplified constant envelope phase 
between the base of the amplifying transistor and the variable resistance device, which 
a low current consumption. 
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.1. 

LOW VOLTAGE MEDnJM POWER CLASS C 
POWER AMPLIFIER WITH PRECISE GAIN CONTROL 

BACKGROTTNn OF THE TNVFNTTON 

FIELD OF THE TNVFNTTnK 

5 The present invention relates generally to a low voltage, non-linear power 

amplifier, and specifically to an efficient, non-linear power amplifier which amplifies 
a constant envelope phase modulation component of a modulation signal and 
combines an amplitude envelope of the modulation signal with the amplified constant 
envelope phase modulation signal at the output of the power amplifier 

10 DESCRIPTION OF RHT.ATFD ART 

Digital wireless phones have gained widespread use throughout the world. 
These phones typically utilize cellular network systems, such as PHS, having base 
stations serving a predetermined area or cell, where each base station has a certain 
number of channels for communicatmg with handsets within that cell. The 

15 transmitted signals undergo some type of modulation to transmit a signal on an 
available channel within the predetermined cell, where the modulated signals are 
amplified to a desired power level for transmission. The power levels of the signals 
transmitted by the handsets are precisely controlled by power amplifiers in order to 
prevent signal interference fi-om occurring at the base station with signals received 

20 firom other handsets, while also ensuring a quality signal is transmitted. Digital 
modulators, such as a tUA differential quadrature phase shift-keying (DQPSK) 
modulator, are typically used for PHS handsets and other digital wireless phones. A 
7i/4 DQPSK modulated signal contains both phase and amplitude information, which 
requires the transmit chain of the handset to maintain a certain level of linearity in 

25 order to meet system requirements of adjacent channel power and transmit accuracy. 
The linearity requirements on the power amplifier require it to be operated in a linear 
power mode, such as a Class AB mode. Linear power modes are less efficient than 
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other power modes and require a large amount of current to operate. Thus, the large 
amount of current consumed by a telephone handset using a linear power amplifier 
reduces the talk time of the handset or requires the use of a large battery. 

Typically, data to be transmitted by the telephone handset is fed through a 
5 differential encoder, where an in-phase component (I) and a quadrature component (Q) 
of the modulation signal to be transmitted are created. The I and Q components are 
then passed through digital filters which give the modulation a particular shape, the 
resultant I and Q filtered signals are then modulated at a radio frequency for 
transmission and combined as a phase modulated signal. The phase modulated signal 

10 is then amplified to bring the signal to a desired power level for transmission. 

This type of conventional power amplification requires a linear power 
amplifier to be used in order to maintain the requisite level of linearity, which 
undesirably operates the handset in a non-efficient manner. The talktime of the 
handset could be increased if a more efficient, non-linear power amplifier were 

15 utilized in the transmit architecture. However, the in-phase and quadrature 
components of the modulation signal and, thus, the phase modulated signal will have 
both phase and amplitude modulation (AM) components. Thus, both the phase and 
amplitude modulation components of the signals are fed through the power amplifier. 
When an AM envelope signal is amplified with a non-linear power amplifier, the AM 

20 envelope on the output of the amplifier is distorted due to the spectral spreading of the 
AM envelope signals which will occur in the power amplifiers. Therefore, non-linear 
power amplifiers can not be used with current digital telephones without causing 
distortion in the modulation signal due to the presence of the AM envelope. 

There is a need for a non-linear power amplifier which amplifies a phase 

25 modulated signal to a desired power level without amplifying the amplitude envelope 
of the phase modulated signal. Moreover, there is a need for a non-linear power 
amplifier which reintroduces the amplitude envelope into the phase modulated signal 
at the output of the power amplifier in an efficient manner to maintain a low current 
consumption by the non-linear power amplifier. 
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OPJECTS AND SUMMARY OF THF tnvfntton 

It is a primary object of the present invention to overcome the aforementioned 
shortcomings associated with the prior art. 

Another object of the present invention is to provide a power amplifier which 
5 operates in a non-linear mode to maximize its efficiency 

A further object of the present invention is to provide a non-linear power 
amplifier which amplifies only a constant envelope phase component in order to avoid 
distortion of the amplified signal. 

Yet another object of the present invention is to provide a non-linear power 
10 amplifier which reintroduces the amplitude envelope of a modulation signal with the 
amplified constant envelope phase modulation signal in the output of the power 
amplifier. 

It is another object of the present invention to provide a non-linear power 
amplifier which reintroduces the amplitude envelope of the modulation signal at a low 

15 current point in the power amplifier in order to maintain efficient, low current 
consumption by the power amplifier. 

These as well as additional objects and advantages of the present invention are 
achieved by providing a non-linear power amplifier for amplifying a constant 
envelope phase modulation component of a modulation signal and combining an 

20 amplitude envelope component of the modulation signal into the amplified constant 
envelope phase modulation component and method for performing the same. The 
power amplifier receives a constant envelope phase modulation signal and transmits 
the signal through a pair of amplifier stages which are impedance matched together. 
The first amplifier stage has a fixed gain which drives an impedance load and, in tuin, 

25 the second amplifier stage. A variable resistance device is connected between a base 
of an amplifying transistor in the second amplifier stage and electrical ground for 
variably controlling the gain of the second amplifier stage by variably controlling the 
base-to-ground resistance of the amplifying transistor in the second amplifier stage. 
By varying the base-to-ground resistance of the amplifymg transistor, the pulse width, 

30 gain, and power output of the constant envelope phase modulation signal can be 
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controlled. The amplitude envelope component of the modulation signal is then 
reintroduced into the amplified constant envelope phase modulation component at a 
low current point between the base of the amplifying transistor and the variable 
resistance device, which enables the power amplifier to be operated with a low current 
5 consumption. 

PRIEF DESCRIPTION OF THF. r>R A WTN^P,^ 

The objects and features of the present invention, which are believed to be 
novel, are set forth with particularity in the appended claims. The present invention, 
both as to its organization and manner of operation, together with further objects and 
10 advantages, may best be understood by reference to the following description, taken in 
connection with the accompanying drawings in which the reference numerals 
designate like parts throughout the figures thereof and wherein: 

Figure 1 is a circuit diagram of a preferred embodiment of the non-linear 
power amplifier of the present invention. 
15 Figure 2 is a graphical illustration of the power output and efficiency of the 

non-linear power amplifier of the present invention as a fimction of the uiput power. 

Figure 3 is a graphical illustration of the output power and total current 
consumed by the non-linear power amplifier of the present invention as a fimction of 
gain control resistance. 

20 Figure 4 is a circuit diagram of another preferred embodiment of the non- 

linear power amplifier of the present invention. 

DETAn.Rn nRSCRTPTTON OF 
■THE PREFERRF.D RMBODTMRhrrR 

The following description is provided to enable any person skilled in the art to 
25 make and use the invention and sets forth the best modes contemplated by the 
inventors of carrying out their invention. Various modifications, however, will remain 
readily apparent to those skilled in the art, since the general principles of the present 
invention have been defined herein specifically to provide a non-linear power 
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amplifier system for amplifying only a constant envelop phase modulation component 
of a modulation signal and reintroducing an amplitude envelop component of the 
modulation signal to the amplified constant envelop phase modulation component. 

Referring now to Figure 1, a partial circuit diagram for a preferred 
5 embodiment of the non-linear power amplifier 100 of the present invention is 
illustrated. This circuit includes a number of advanced features, but the principles of 
present invention arc equally applicable to other circuits. The non-linear power 
amplifier 100 is designed to amplify a constant envelop signal and combine a signal 
having a non-constant envelop with the constant envelop signal after the point of 

1 0 amplification in order to prevent distortion of the amplified signal. Signals having a 
constant envelope may be amplified without distortion by non-linear power 
amplifiers, since a non-linear power amplifier will not cause spectral spreading in a 
constant envelope signal. Therefore, the non-linear power amplifier 100 is designed 
to amplify a modulation signal which is divided into a constant envelope component 

15 and a non-constant envelop component. For instance, in wireless systems for 
communicating data, such as a PHS telephone handset or other similar wireless data 
transmission device, a modulation signal is transmitted containing the desired data, 
where the modulation signal can be separated into a constant envelop phase 
modulation signal and an amplitude envelop signal. The constant envelop phase 

20 modulation signal is amplified by the non-linear power amplifier 100 and the 
amplitude envelop of the modulation signal is then reintroduced in the output of the 
non-linear power amplifier 100 after the point of amplification to recreate the 
modulation signal, so that the amplitude envelop is not amplified by power amplifier 
100. Thus, distortion of the modulation signal can be minimized by only amplifying 

25 the constant envelope phase modulation component of the modulation signal. 

The non-linear power amplifier 100 includes a driver stage and an amplifier 
output stage. An input 102 to the driver stage is provided for receiving the constant 
envelope phase modulation component 104 of a modulation signal. The driver stage 
includes a driver amplifier 106 connected to the first input 102 through a capacitance 

30 108. A bias network (not shown) for the driver amplifier 106 is also connected to the 
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driver amplifier 106 through an inductance 110. Driver amplifier 106 is preferably a 
substantially linear amplifier, such as a Common Emitter amplifier operating in either 
a Class A or Class AB mode, having a predetermined fixed gain. However, any 
amplifier having similar driving characteristics may be utilized with the present 

5 invention. Driver amplifier 106 drives a moderate impedance load 112 connected 
thereto, which matches the impedance between the driver stage and amplifier output 
stage of the non-linear power amplifier 100. The collector 105 of the driver amplifier 
106 possesses a higher impedance than an emitter 120 in the amplifier output stage. 
The impedance load 112 performs an impedance transformation of 90 degrees to 

10 transduce the impedance to a relatively low source impedance at the amplifier output 
stage to match the impedance difference between the driver stage and the amplifier 
output stage. While the impedance load 112 is illustrated as a transmission line, it is 
understood that any impedance matching device may be used to match the impedance 
of the driver stage with the amplifier output stage. 

15 The amplifier output stage includes a non-linear final amplifier 114 for 

controlling the gain of the constant envelop phase modulation signal 104. Final 
amplifier 1 14 is preferably a Common Base amplifier operating in a non-linear Class 
C or Class D mode, wherein the emitter 120 of the final amplifier 1 14 is driven by the 
low source impedance firom impedance load 1 12. A capacitor/inductor network 140 is 

20 connected between the collectors of amplifiers 106 and 114. A variable resistance 
device 116 is positioned betv/een a base 122 of final amplifier 114 and electrical 
ground 1 18 for controlling the gain of the final amplifier 1 14. The variable resistance 
device 1 16 may comprise a PIN diode or any other similar device that enables the 
base-to-ground resistance to be variably controlled. In the case of a PIN diode, the on 

25 resistance of the PIN diode is changed to change the pulse width, gain, and output 
power of the final amplifier 1 14. The base-to-ground resistance of the final amplifier 
114 and the input resistance of the emitter 120 of the final amplifier 114 are 
interrelated, where the input resistance of the emitter 120 changes as the base-to- 
ground resistance is changed. The base-to-ground resistance of the final amplifier 1 14 

30 and the input resistance of the emitter 120 are inversely proportional, so that the 
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emitter 120 resistance decreases as the base-to-ground resistance increases and vice 
versa. The gain of the final amplifier 114 is characterized by the following 
relationship: 

Gain = (output resistance of the collector)/(input resistance of the emitter), 

5 Thus, the gain of the final amplifier 1 14 can be controlled by varying the input 

resistance of the emitter 120. which is varied by changing the base-to-ground 
resistance of the final amplifier 114. By varying the base-to-ground resistance of the 
final amplifier 1 14, the pulse width, gain, and power output of the constant envelope 
phase modulation signal 104 can be variably controlled. 

10 To better appreciate the problems solved by the present invention, it useful to 

briefly review the challenges faced in effectively reintroducing the amplitude 
envelope into the constant envelope phase modulation signal. Amplitude modulation 
requires precise fine gain control of at least 14dB. In order to provide this precise 
gain control, the non-linear power amplifier 100 could be followed with a gain control 

15 device, such as a pin diode device or a 3dB attenuater. However, the power 
absorption capability required of a pin diode device and the nominal insertion loss of a 
3dB attenuater make it undesirable to follow the power amplifier with a gain control 
device of these types. Alternatively, there have been attempts to provide a modulation 
on the collector of the final amplifier in a power amplifier in order to reintroduce the 

20 amplitude envelope, but these types of systems are not practical as they require a more 
complex circuit arrangement. Furthermore, fine gain control is difficult to achieve by 
changing the collector voltage to control the gain of the final amplifier as performed 
with collector modulation techniques. Collector modulation is good for a pulse 
system where a wide range of gain control is desired, but a narrow range of gain 

25 control is required in the present invention to reintroduce the amplitude modulation. 
Therefore, the non-linear power amplifier 100 of the present invention utilizes the 
variable resistance device 116 to vary the base-to-ground resistance in final amplifier 
1 14 in order to provide the required precise gain control. 

The non-linear power amplifier 100 utilizes a Common Base amplifier as the 

30 final amplifier 1 14 due to the advantages of its low current consumption by operating 
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in a non-linear mode. Further, the Common Base amplifier provides a low current 
point 126 to introduce the amplitude envelop 124 back into the constant envelop 
phase modulation signal 104, thus maintaining the efficiency of the power amplifier 
100. The amplitude envelope component 124 is reintroduced into the amplified 
5 constant envelope phase modulation component 104 at the low current point 126 
between the base 122 of the final amplifier 1 14 and the variable resistance device 1 16. 
The amplitude envelope component 124 passes through a resistor 128, a diode 130, 
and a capacitor 132 as it travels to final amplifier 114. Diode 130 is provided to 
handle any current leakages, where diode 130 and variable resistance device 1 16 will 

10 work against one another to cancel the influx of current. A final bias network (not 
shown) is connected to the base 122 of the final amplifier 1 14 through an inductance 
134. This enables the final amplifier 114 to operate in an efficient non-linear mode 
and the power amplifier to be operated with low current consumption. Once the 
amplitude envelope 124 is reintroduced into the amplified constant envelop phase 

15 modulation signal 104, all of the power is converted to be in-band to produce a clean 
spectrum which is output as the amplified modulation signal at 136 after passing 
through capacitor 138. 

In test simulations using the structure of the non-linear power amplifier 100, 
the non-linear power amplifier 100 was found to operate very close to desired output 

20 power level of +21 dBm with a gain control range greater than 14 dB. Referring now 
to Figure 2, the output power level is illustrated as a function of the input drive level 
by line 200. The efficiency of the power amplifier 100 is fiirther illustrated in Figure 
2 as a fimction of the input drive level by line 202. As can be seen, the efficiency of 
the power amplifier 100 ranges from 36% to 41% for input drive levels varying from 

25 -6 to 0 dBm, where the output power level ranges from +20.7 to +21 .6 dBm over this 
same input drive range. Referring now to Figure 3, the output power level is 
illustrated as a fiinction of the gain control (resistance of the variable resistance device 
1 16) by line 300. The total current used by the power amplifier 100 is illustrated by 
line 302 as a function of gain control. The power amplifier 100 possesses a gain 

30 control of 1 8 dB for resistances from the variable resistance device 1 16 varying from 
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1 to 250 ohms. The output power of the non-h*near power amplifier as a function of 
the gain control variable resistance is shown in Table 1 : 
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20 

where R„, is the resistance of the variable resistance device 116, 1^,, is the bias 
current, I^^ is the current jfrom the battery, V„ is the output voltage, P^^ is the output 
power, Eff. % is the efficiency of the power amplifier 100, and P^;^ defined by: 
P*,= (3.3VxI,iJ + (3.6VxU. 

25 The total current and efficiency of the power amplifier were found to be as 

follows in Table 2 for the desired various output power levels: 



Total.Cyrr.gDt Efficiency Output Power 

90.0 mA 36.9% +20.7 dBm 

30 92.2 mA 39.5% +21.1 dBm 

94.9 mA 40.5% +21.3 dBm 

99.3 mA 41.3% +21.6 dBm 
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The total current, 1^^,,, is equal to the combination of I^^i^ and I^^,. The 
calculated output power of the non-linear power amplifier as a function of the input 
power is shown in Table 3: 

labkl 
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Referring now to Figure 4, another preferred embodiment of the non-linear 
15 power amplifier 400 of the present invention is illustrated. The non-linear power 
amplifier 400 functions similarly as the power amplifier 100 described above, and a 
discussion of similarly numbered components will be omitted from this description. 
In this embodiment, the amplitude envelope 124 is reintroduced into the amplified 
constant envelope phase modulation component 104 at a low current point 402 
20 between the base 122 of the final amplifier 1 14 and the variable resistance device 1 16, 
where the amplitude envelope 124 passes through a capacitor 404 as it travels to base 
122. In this embodiment, the second diode 130 has been eliminated from the circuit. 
Meanwhile, the introduction of the amplified constant envelope phase modulation 
component 104 at low current point 402 allows the final amplifier to operate in an 
25 efficient, low current consumption, non-linear mode similar to non-linear power 
amplifier 100. 

By operating in a non-linear power mode, a significant reduction in current 
consumption by the power amplifier 100 is achieved as compared to operating a linear 
power amplifier. The lower current consumption of the power amplifier 1 00 increases 
30 the life of the battery supplying power to the power amplifier. For instance, in 
wireless telephones, the available talk time of a wireless handset utilizing the power 
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amplifier 100 of the present invention will be increased over handsets having linear 
power amplifiers using the same power supply. Alternatively, the lower current 
consumption of the non-linear power amplifier of the present invention allows the size 
of the battery to be reduced while achieving the same talk time as handsets having 
5 linear power amplifiers. 

As can be seen from the foregoing, a non-linear power amplifier fomied in 
accordance with the present invention operates in an efficient, low current 
consumption manner. Moreover, by forming a non-linear power amplifier in 
accordance with the present invention, a modulation signal can be amplified without 

10 causing unnecessary distortion in the si^al by only amplifying a constant envelope 
phase component of the modulation signal and reintroducing the amplitude envelope 
of the modulation signal into the amplified constant envelope phase component at the 
output of the power amplifier. Thus, the non-linear power amplifier can be utilized in 
a wireless telephone handset to reduce the current consumption of the handset, thus 

15 allowing the talktime of the handset to be increased or the battery size of the handset 
to be decreased 

In each of the above embodiments, the structures of the non-linear power 
amplifier of the present invention are described separately in each of the 
embodiments. However, it is the full intention of the inventors of the present 

20 invention that the separate aspects of each embodiment described herein may be 
combined with the other embodunents described herein. Those skilled in the art will 
appreciate that various adaptations and modifications of the just-described preferred 
embodiment can be configured without departing firom the scope and spirit of the 
invention. Therefore, it is to be understood that, within the scope of the appended 

25 claims, the invention may be practiced other than as specifically described herein. 
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£LAIMS 

What Ts riaiineH Ts- 

1 1 . A non-linear power amplifier for amplifying a constant envelope phase 

2 modulation component of a modulation signal and combining an amplitude envelope 

3 component of the modulation signal with the amplified constant envelope phase 

4 modulation component, comprising: 

5 a first input for receiving a constant envelope phase modulation signal; 

6 a first amplifier means connected to the fu-st input for driving an impedance 

7 load; > 

8 a second amplifier means connected to the impedance load for controlling the 

9 gain of the constant envelope phase modulation signal, wherein the second amplifier 

1 0 means includes a base, an emitter, and a collector; 

11 a variable resistance device connected between the base of the second 

12 amplifier and electrical ground for controlling the gain of the second amplifier by 

1 3 variably controlling the base-to-ground resistance of the second amplifier; and 

1 4 a second input means for introducing the amplitude envelope into the constant 

15 envelope phase modulation between the base of the second amplifier means and the 

1 6 variable resistance device. 

1 2. The non-linear power amplifier of claim 1, wherein the first amplifier 

2 meaas is either a Class A or Class AB power amplifier. 

1 3. The non-linear power amplifier of claim 1, wherein the second 

2 amplifier means is either a Class C or Class D power amplifier 

1 4. The non-linear power amplifier of claim 1, wherein the variable 

2 resistance device is a pin diode. 

1 5. The non-linear power amplifier of claim 1. wherein the variable 

2 resistance means changes the input resistance of the emitter of the second amplifier 

3 means as the base-to-ground resistance is changed. 
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1 6. the non-linear power amplifier of claim 1. wherein the variable 

2 resistance means controls the gain of the second amplifier means by vaiying the base- 

3 to-ground resistance in order to vary the pulse width, gain and power, output of 

4 constant envelope phase modulation signal. 

1 7. The non-linear power amplifier of claim 1 , wherein the impedance load 

2 performs an impedance transformation to match the impedance of a collector of the 

3 first amplifier means with the emitter of the second amplifier means. 

1 8. The non-linear power amplifier of claim 8, wherein the impedance load 

2 performs an impedance transformation of 90 degrees to transduce the impedance to 

3 low source impedance to drive the emitter ofthe second amplifier means. 

1 9. An improved method ofamplifying a modulation signal in a non-linear 

2 power amplifier in an efficient, low-current manner, comprising the steps of: 

3 separating the modulation signal into a constant envelope modulation 

4 component and an amplitude envelope component; 

5 introducing the constant envelope modulation component of the modulation 

6 signal into the non-linear power amplifier; wherein the non-linear power amplifier 

7 includes first and second amplifiers with each of the amplifiers including an emitter, 

8 collector, and base; 

9 feeding the a constant envelope modulation component of the modulation 

10 signal through the first and second amplifiers; 

1 1 variably controlling the gain of the second amplifier by varying the resistance 

12 between the base of the second amplifier and electrical ground, wherein a variable 

13 resistance device is positioned between the base of the second amplifier and electrical 

14 grotmd; 

1 5 introducing the ampUtude envelope of the modulation signal into the amplified 

16 constant envelope modulaUon component between the base of the second amplifier 

1 7 and electrical ground in order to recreate the modulation signal having both phase and 

18 amplitude components. 
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1 10. The method of modulating and transmitting a signal in a wireless 

2 transmission system of claim 9, wherein the second amplifier is either a Class C or 

3 Class D non-linear power amplifier. • 

1 11. The method of modulating and transmitting a signal in a wireless 

2 transmission system of claim 9, wherein the variable resistance device is a pin diode. 

1 12. The method of modulating and transmitting a signal in a wireless 

2 transmission system of claim 9, wherein the input resistance of the emitter of the 

3 second amplifier changes as the base-to-ground resistance of the second amplifier is 

4 changed. 

1 13. The method of modulating and transmitting a signal in a wireless 

2 transmission system of claim 9. further comprising the step of matching the 

3 impedance of the collector of the first ampUfier with the emitter of the second 

4 amplifier. 

1 14. The method of modulating and transmitting a signal in a wireless 

2 transmission system of claim 13, wherein an impedance load is positioned between 

3 the first and second amplifiers to match the impedance between the first and second 

4 amplifiers, such that the fu^t amplifier drives the impedance load. 
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